cated, surgery should be performed in a 'conservative' fashion, i.e. as limited as possible, in order to achieve the required result and to avoid small bowel syndrome. Conclusion: This article provides a complete overview of indications and specific surgical treatment in patients with CD. Surgery is typically indicated when complications of CD occur. An interdisciplinary collaboration is necessary in order to ensure optimal indications and timing of surgery. This is of paramount importance to achieve the ultimate goal, i.e. a good quality of life of the patients.
effective symptom reduction and increased quality of life. Medical treatment is sometimes unnecessarily prolonged by gastroenterologists. Additionally, patients often dislike the thought of an operation. This can result in delayed surgery, which in turn can lead to increased morbidity due to the patient's weakened condition [3, 4] .
Despite improved conservative treatment methods, complications such as abscesses, fistulas, and stenosis can occur during the course of the disease. In these cases surgery is strictly indicated. The occurrence of dysplasia or cancer and of emergencies such as uncontrollable bleeding or perforation presents further indications for surgical treatment.
In contrast to ulcerative colitis, which may be ultimately cured by proctocolectomy, CD frequently recurs and cannot be completely cured. After surgery a subgroup of patients will experience further attacks during the course of the disease [5] . Clinical recurrence rates in the range of 10-30% are described in the literature for the first year after surgery. The risk increases to 60% in the course of 10 years after the operation [5] . A well-defined risk management is necessary to choose the best available therapy at present. At times, surgical risks must be weighed against those of longterm medication. To avoid short bowel syndrome, the central aspect of surgical strategies in CD consists of the limited resection of symptomatic bowel districts only.
Risk Assessment
Despite a wide range of medical treatment options, including corticoids, immunosuppressives like cyclosporine, immunomodulators like thioprine and TNF-alpha antibodies, a majority of patients with CD will need surgery during their life. Many of them undergo surgery while receiving immunosuppressive medication [4] . Its effect on the postoperative outcome is diversely discussed in the literature. There are some data showing that the combination of corticoids and other immunosuppressives like 6-mercaptopurine or azathioprine seems to have no influence on postoperative complications [6] . However, prednisolone with a dose higher than 20 mg or equivalent significantly increases the risk of septic complications such as surgical site infections, sepsis, and anastomotic leakage [6, 7] . In case of preoperative treatment with infliximab, studies have demonstrated conflicting data concerning complication rates. In a systematic review, preoperative infliximab treatment was associated with increased postoperative complications [8] . Others describe no significant increase after use of anti-TNFalpha agents either 12 weeks or 14 days prior to surgery [9] . Further investigation is necessary concerning these inconsistent data.
In addition, malnutrition, anemia, past surgery, and emergency surgery are associated with an inferior postoperative outcome. If possible, these conditions should be improved preoperatively including parenteral nutrition. Immunosuppressive medication, particularly with regard to corticoids, should be stopped before surgery as early as justifiable. In case of emergency a higher risk of complications, such as anastomotic leakage, has to be expected. In order to control potential complications in these poor conditions, ostomy or resection with diversion should be considered -at least as an individual interdisciplinary decision for each patient.
Stricturoplasty
The majority of patients with CD require surgery during some point in their life. Repeated extended bowel resections could result in short bowel syndrome with the consequence of malabsorption and life-threatening malnutrition. Stricturoplasty as an alternative surgical technique enables the widening of the stricture without loss of small intestine. The principle of stricturoplasty was initially performed in peptic ulcers. In 1982, Lee and Papaioannou [10] first described the use of stricturoplasty in patients with CD-associated strictures. Stricturoplasty should be performed in patients with many small bowel strictures in one long bowel segment as well as in patients with a history of prior resections and high risk for short bowel syndrome. Except in the case of long strictures, every stricture can be treated by stricturoplasty. Strictures in the area of the ileocecal valve have to be treated by ileocecal resection. Contraindications for stricturoplasty are acute inflammatory attacks with fistula, abscess, or perforation and signs of malignancy [11] . Stricturoplasty is specified as safe and feasible in small bowel segments of the jejunum and ileum [11] . There is not enough data concerning strictures in the duodenum and colon. Therefore, these bowel segments should be treated by segmental resection or -in exceptional cases -by bypass [12, 13] .
The treatment of choice for stenosis of less than 10 cm is the socalled Heineke-Mikulicz stricturoplasty [12, 13] . Here, a longitudinal incision is made across the stricture and then closed transversely ( fig. 1 ). Additionally, the so-called Finney stricturoplasty is available. The longitudinal incision of the stricture is closed in a side-to-side technique. Additionally, a side-to-side isoperistaltic stricturoplasty was described by Michelassi and colleagues [14] . This type of stricturoplasty allows treatment of strictures as long as 20 cm ( fig. 2 ). The decision whether to resect or to use these techniques of stricturoplasties depends on the anatomic situation of the patient as well as on the surgeon's expertise.
Ileocecal Resection
When CD affects the small bowel, the main target is the terminal ileum. Scarred stenosis is a common consequence of recurring inflammation. Short stenoses can be treated by endoscopic dilata-tion. Primarily, inflammatory stenoses are treated conservatively. Surgery is indicated in patients with refractory obstruction (failed medical or endoscopic treatment) [15] . The surgical procedure of choice is then ileocecal resection ( fig. 3 ). The method of restoration of bowel continuity is widely discussed. End-to-end and side-toside anastomosis are distinguished, and early postoperative outcomes are comparable with regard to anastomotic leakage or surgical site infections [16] . There is a potential risk of recurrent inflammatory activity after ileocecal resection. Approximately 20% of patients develop symptomatic stenoses. Up to 45% of the abovementioned patients need further surgery [17] . Until now, none of the usually performed anastomotic techniques can be favored with regard to recurrence of CD at the anastomotic site [18] .
A laparoscopic approach is preferable for ileocecal resection in patients with CD. In our department, the method of choice is minimally invasive surgery when indicated. The advantages of laparoscopic operations are enhanced recovery after surgery, better cosmetic results, less postoperative pain, less postoperative ileus, and shorter hospital stay. An additional incision for bowel extraction might be necessary in patients with complex interenteric fistula systems or conglomerate tumors. Creation of a stoma can be an additional safety measure when inflammation is present within the resection margins. As many of these patients are treated with immunosuppressive medication, ostomy can provide a safe surgical approach for the postoperative course [19] .
Colectomy and Proctocolectomy
Over 60% of patients with CD suffer from colonic involvement. An isolated colitis Crohn occurs in 20% of these patients, and half of them suffer from rectal or perineal attacks [20, 21] . Differentiated surgical options have to be discussed, depending on the extent of colonic involvement.
Different surgical procedures for patients with extended colitis Crohn are available. In an emergency (bleeding, perforation), a subtotal colectomy should be performed [22] . Here, a rectal stump and an end ileostomy are used. After a recovery period, a restoration of bowel continuity can be performed. Patients with minimal or no rectal CD involvement can undergo ileorectal anastomosis. In cases of rectal disease with persistent proctitis or fistula/abscess formations, however, a delayed proctocolectomy should be per-formed [23] . This results in a permanent ileostomy for the patient but is effectively the safest way of surgical treatment for colonic Crohn. Furthermore, the risk of developing colorectal cancer is eliminated.
Complete proctocolectomy and end ileostomy is the procedure of choice for patients with refractory pancolitis, proctitis, perianal fistula/abscess formation, and anal incontinence [20] . The affected bowel is completely removed, providing symptom relief and a definitely reduced risk of recurrence in other bowel districts and cancer [24] . Despite these advantages, the healing of the perineal wound and incidental pelvic nerve injury remain problematic aspects of this surgical procedure [25] . Up to 10% of patients develop surgical site infections [26] . Sexual dysfunction and/or incontinence can occur as a consequence of pelvic nerve damage and is noted in a small number of patients [19, 25] .
For colectomy and proctocolectomy as well as segmental resection, a laparoscopic approach is possible. In an emergency (bleeding, perforation, toxic colon), open surgery is the treatment of choice.
Limited segment resections are possible in a small number of patients suffering only from segmental colonic affection. Furthermore, there is a high risk of recurrent colonic attacks with further surgical intervention. Additionally, consideration needs be given to the percentage of patients with CD-associated colorectal cancer (5-6 patients) [27] . Therefore, investigative surveillance should be carried out in patients with a remaining colorectum. However, the advantage of segmental colon resection is the retaining of bowel function and the avoidance of stoma.
Anorectal Crohn's Disease
The anorectum is affected in 30% of patients with CD [28, 29] . 92% of patients with colorectal disease develop fistulas [29] . The risk of perineal manifestation increases with disease duration. Up to 10% of patients develop fistulas within 5 years, and up to 25% after 20 years [30] [31] [32] .
Treatment of fistulas remains an interdisciplinary challenge. The dimension of inflammation should be evaluated by endoscopy, anal endosonography, and magnetic resonance imaging. Once CD involvement of the anorectum has been diagnosed, the gastroenterologist should initiate medical therapy. Beside antibiotics, a wide range of immunosuppressive medication is available for conservative treatment [33] .
Fistulas can be classified into simple or complex fistulas. They are further categorized by their course, with regard to the anal sphincter: intersphincteric, transsphincteric, suprasphincteric, and superficial fistulas ( fig. 4 ). Symptomatic perianal fistulas with abscess formation require surgical intervention. The first step to be taken is abscess incision and drainage of fistulas. If not already the case, medical therapy should be initiated as a next step. Ostomy can prove necessary in cases of active proctitis and fecal incontinence. If the rectal mucosa shows no signs of CD involvement, delayed surgical treatment can be performed. Good results are docu- mented for fistulotomy in simple superficial fistulas with a healing rate of 80-100% [34] . However, fistulotomy is not indicated if the anal sphincter is involved, due to a high rate of postoperative fecal incontinence. Fistula healing is markedly reduced to 27% in case of active proctitis [35] . As a surgical option for fistula closure, the insertion of an endorectal advancement flap or a muscle flap can be considered. They are also used in complicated fistulas such as the rectovaginal course of the tract. Here, the internal opening of the fistula is excised and occluded or advanced by autologous mucosa-muscle tissue from the rectum. Both procedures are comparable as far as clinical and functional results are concerned [36] . Healing rates, in general, differ from 70-90% [37] [38] [39] . In contrast, healing is reduced in CDassociated fistulas. Recurrence rates of 20% are described [35] . However, ostomy is suggested in case of any surgical therapy due to rectovaginal fistulas.
Because of the high recurrence rate, there are further therapeutic strategies available. For example, closure of fistula using fibrin glue represents another option but is highly controversial. The glue consists of fibrinogen and thrombin and is injected in the fistula tract to fill and seal it. Healing rates show a wide range from 50 up to over 80% in the literature with regard to simple or CD-associated fistulas [40] [41] [42] . This method has some success but is not as effective as in fistulas not associated with CD [43] .
The results after closure using a fistula plug show a success rate with a wide range from 20 to over 90% in two review studies. Although easy to use, the differing success rate means that this technique is not generally used in CD fistulas. The main failure rate results from plug loss in the postoperative course [32, 44, 45] .
Proctectomy is required in patients with a refractory course after extended medical and surgical therapy as well as with complex anal fistula formation or proctitis. Sandborn et al. [34] describe a proctectomy rate of 10-20% for these patients. In addition, this procedure should be performed in the case of CD-associated anorectal cancer.
Ostomy
Generally, ostomy can be performed to increase the quality of life (e.g. rectovaginal fistulas), as a protective move in reconstructive CD surgery, or as permanent ostomy (e.g. proctectomy). In detail, there is a wide range of indications for stoma creation in patients with CD, such as perianal and ano-/rectovaginal fistulas, strictures, incontinence, and refractory proctitis.
Treatment of perianal fistulas ranges from conservative strategies and minimal surgery (seton/fistulotomy) to definitive surgery with closure of the fistula tract or even proctectomy and finally diversion. Indications for ostomy in perianal fistula burden comprise temporary bags to i) restore quality of life (e.g. vaginal delivery in ano-/rectovaginal fistulas) and ii) to protect complex reconstructive surgery (e.g. gracilis muscle interposition) as well as definitive end ostomy in refractory fecal incontinence due to sphincter destruction and refractory proctitis. Furthermore, in complicated or complex fistulas combined with proctocolitis, intensified medical treatment following ostomy may be indicated as an individual salvage procedure to control inflammation. There are reports that new medicals, like biologicals, can improve the healing process and increase the chance for stoma closure in combination with a transient stoma. Infliximab was shown to reduce the secretion of fistulas. Present et al. [46] could show a 56-68% reduction of draining fistulas and a 38-55% fistula closure in patients with intra-abdominal and perianal fistulas treated with 5-10 mg infliximab per kilogram body weight. However, the literature is conflicting on this topic as some studies could not show any benefit of biologicals to avoid permanent stoma creation in perianal CD [47] .
The treatment of rectovaginal fistulas (excision, fistula closure -Martius flap, gracilis flap, drainages, or fibrin glue) is often unsatisfying and associated with high recurrence rates from 25 to 50% [48] [49] [50] [51] [52] . There is some advice that the combined treatment of ostomy and immunosuppressives (e.g. TNF-alpha inhibitors) could increase the healing rate. However, data are rare and conflicting. Therefore, an ostomy is commonly required [53] .
A further indication for stoma creation is severe proctitis. Diverting ostomy can be performed to reduce mucosal infection and secretion. After stoma creation, local therapy such as rectal foams can be applied and combined with general immunosuppressive medication, if necessary. In case of complex proctitis with fistula and abscess formations or cancer, proctectomy and permanent ostomy is indicated.
Patients with recurrent perianal affection are known to have an increased risk for gradually developing fecal incontinence. Reduced quality of life, gluteal skin infections, and social depression often lead to stoma construction. Anorectal CD also involves strictures. These are categorized into inflammatory or fibrotic and reversible or irreversible types by the Cardiff classification [54] . Literature concerning the therapy of anorectal strictures in CD remains rare [55, 56] . In a multivariate analysis, the presence of colonic disease and anal canal stricture were predictors of permanent diversion [56] . The risk of permanent diversion for patients with CD was 33 times higher in the presence of both colonic disease and anal canal stenosis. Interestingly, patients with anal stricture who performed self-dilation of these strictures were less likely to require diversion. Moreover, Brochard et al. [55] reported increased stricture healing rates when treated with TNF-alpha antagonists.
Furthermore, permanent ostomy might prove necessary, for instance when resection is not possible or when patients are unsuitable for anesthesia. Similarly, ostomy should be considered in patients with major resections in the past, extensive adhesions, or possible short bowel syndrome. An ostomy can also be temporarily used as a bridge to definitive surgical treatment. The combination of stoma creation and immunosuppressive medication can help patients to recover and can avoid extended resections. However, some studies could not find any positive effect of biologicals such as TNFalpha inhibitors on healing rates and no benefit regarding stoma closure [57] . The need for ostomy in severe perianal CD affection ranges between 31 and 49% [56] [57] [58] . Additionally, stoma closure rates are as low as 20-50% in patients with perianal CD affection [57] [58] [59] . This is mainly related to the persistence of proctitis or the recurrence of fistulas. In case of transient ostomy, stoma closure can be performed 6-12 weeks after the definitive operation.
Conclusion
A wide range of indications for surgery exists in patients with CD. Many sophisticated techniques are available. Considering that CD cannot be cured, indications for surgery have to be strict and surgery should be performed as limited and minimally invasive as possible. Close cooperation between surgeons and gastroenterologists is important for first-line conservative treatment, induction therapy, and maintenance of remission.
